The pampas deer, Ozotoceros bezoarticus, was, until the recent past, widespread in South America from 5ЊS to 41ЊS; however, it is now considered to be one of the most endangered South American cervids because of habitat destruction and fragmentation. A comparative craniometrical study using univariate and multivariate analyses was performed to determine whether populations of pampas deer show patterns of sexual dimorphism and geographic variation. We found that pampas deer exhibit strong sexual dimorphism. Although the species showed high levels of intrapopulation morphological variability, most of it can be attributed to males, which are highly variable within populations. The 4 populations analyzed in this work, which correspond to 4 geographic regions in South America, are significantly differentiated, with females contributing most to differentiation among populations. Furthermore, results of our morphometric analysis were in concordance with genetic levels of differentiation previously found among populations. This study also supports the recognition of 2 separate subspecies in the Uruguayan northwestern grassland (Salto Department) and the Uruguayan east grassland (Rocha Department).
The pampas deer (Ozotoceros bezoarticus) was a widespread species occupying a range of open habitats, including grasslands, Pampas, and the Brazilian Savanna known as the Cerrado, in eastern South America (Cabrera 1943; Jackson 1987; Merino et al. 1997) . Habitat fragmentation has produced the present isolated and small populations (González et al. 1998; S. González et al., in litt.) .
Naturalists and voyagers reported that until the late 1800s this species was widespread and very abundant (Cabrera 1943; Darwin 1860; Jackson et al. 1980; Jackson and Langguth 1987; Kraglievich 1932) . De-* Correspondent: sugonza@iibce.edu.uy spite this, there are very few specimens available in museum collections and, until recently, it was very difficult to undertake studies of morphological variation of pampas deer because of a lack of representatives from areas throughout its range.
Previous studies of morphological variation took into account only the external morphological characters such as coat color, and they were also based only on differences in descriptive statistics of cranial and other morphological measures (Ameghino 1891; Cabrera 1943; de Miranda Ribeiro 1919; Goeldi 1902) . As a result of Cabrera's (1943) review, 3 subspecies were recognized in O. bezoarticus ( Fig. 1A) : O. Despite this subspecific classification, Cabrera (1943) and Jackson (1987) were unable to determine the taxonomic status of the Uruguayan specimens because of a lack of morphological records. Because a larger number of specimens from Uruguay became available in museum collections, a morphological study (González et al. 1989 (González et al. , 1992 ) showed significant differences between the Uruguayan specimens and the Brazilian specimens measured by Goeldi (1902-O. b. bezoarticus) and de Miranda Ribeiro (1919-O. b. leucogaster) and Argentinean samples measured by Cabrera (1943-O. b. leucogaster and O. b. celer) . But because of the small number of Uruguayan specimens available, González et al. (1989 González et al. ( , 1992 could not investigate sexual dimorphism, interpopulation differentiation, or subspecific classification. Because this is an endangered species, new material can be collected only on the natural death of animals in the wild; however, since the studies of González et al. (1989 González et al. ( , 1992 more samples have become available, allowing a more detailed craniometric analysis.
The definition of subspecies as a taxonomic category below the species level that recognizes geographic and temporal subdivisions has been the subject of academic dispute for decades (Miththapala et al. 1996) . But faced with growing challenges in recent years of deriving strategies for saving diminishing flora and fauna, conservation biologists continue to search for methods that can distinguish unambiguous units for conservation, and this has resulted in the reevaluation of the taxonomy of poorly studied groups. In this article we use the subspecies concept proposed by Avise and Ball (1990) and O'Brien and Mayr (1991) as our working definition. These authors recognize that concordance of morphologic and genetic data is fundamental to their definition and that members of a subspecies would ''share a unique geographic range or habitat, a group of phylogenetically concordant phenotypic characters, and a unique natural history relative to other subdivisions of the species Mayr 1991:1188) . FIG . 2.-Lateral view of skull of female pampas deer illustrating measurements taken (after von den Driesch 1976): 1) condylobasal length (LCB); 2) greatest length of nasal (LN); 3) zygomatic breadth (AZ); 4) length of cheektooth row (SDMX); 5) greatest breadth across orbits (DO); 6) median facial length (LF); 7) median parietal length (LP); 8) height of braincase (PCC); 9) greatest breadth of braincase at parietals (ACC); 10) median length of frontal bone (LMF); 14) length of diastema (D). Not shown are 11) minimal least breadth between orbits (AMF); 12) greatest breadth of foramen magnum (GFG); 13) height of foramen magnum (HFG).
Recently, a study based on DNA sequences from the mitochondrial control region was performed using representative samples of pampas deer from throughout its geographic range (González et al. 1998 ).
Estimates of historical population sizes and patterns of gene flow indicate high levels of genetic differentiation among isolated populations. Mitochondrial genetic distances alone cannot be used to determine specific or subspecific status of populations (Avise and Ball 1990) ; however, they can be useful in identifying genetically delineated sets of populations and conservation units (Moritz 1995) . Five conservation genetic units were proposed from the 6 localities surveyed (Fig. 1A and 1B) : 2 in Brazil (Emas National Park and Pantanal), 2 in Uruguay (El Tapado and Los Ajos), and 1 in Argentina (composed of 2 populations: Bahía Samborombón and San Luís).
The main purpose of the present study was to investigate the geographic patterns of morphological variation of pampas deer populations and to determine if these were concordant with the previously proposed (González et al. 1998 ) conservation genetic units. When populations exhibit differentiation at the mitochondrial DNA level that is concordant with the differentiation exhibited by nuclear genes and their products, including morphological or behavioral traits, lineages of the populations are considered to have followed independent evolutionary trajectories and hence qualify as candidates for subspecific classification (Avise and Ball 1990) . Consequently, we examined whether Cabrera's (1943) Fourteen skull measurements (Fig. 2) were recorded for each individual along with data on sex and locality. Measurements were taken with dial calipers (precision 0.05 mm), taking into account the criteria of von den Driesch (1976) .
Age determination.-We used the criteria of Bianchini and Delupi (1993) to determine the relative age of individuals. Taking into account the degree of fusion of cranial sutures and the degree of tooth wear, 5 age classes were identified as follows: 1) fawns Յ1 year old-3 deciduous premolars have erupted and basal suture is open; 2) yearlings Յ2 years old-deciduous PM2 is present, M3 is appearing, and basal suture is open; 3) juveniles 2 and 3 years oldindividuals have complete dentition, but M3 has little wear and basal suture is closed; 4) adults 3-8 years old-there is clear wear of all molar teeth, from M1 to the end; 5) adults Ն8 years old-molar celts begin to disappear.
To reduce effects of size variation due to growth, only adults from classes 4 and 5 were included in the analyses. The final data set included 97 individuals (Appendix I).
Morphological analysis.-To analyze the morphological variation of our sample, effects of sexual dimorphism and geographic distribution were considered separately. Factorial analysis was used to obtain a general view of variation, both within and among populations. Factors were extracted with the principal components method using the correlation matrix. After principal components were obtained they were rotated with the VARI-MAX normalized method. Projection of individuals over the most informative factors was analyzed by graphical means to detect possible clusters of specimens belonging to the same geographic origin, sex, and age class.
Three-way analysis of variance (ANOVA) was used to test whether factors exhibit statistically significant differences in relation to geographic origin, sex, and age class, or any combination of these classifying criteria (Sokal and Rohlf 1969) . The 14 original variables (skull measurements) were also analyzed using 3-way ANOVA. Justification for this additional analysis is that even if a given factor encompasses a significant proportion of the variation of the specific skull measurement, each individual variable may exhibit some deviation in relation to the behavior of the factor on which the variable has the highest loadings. The advantage of multiway ANOVA is that this technique allows for a test of significant differences among groups classified according to a particular criterion (e.g., geographic origin), after eliminating variance that could be attributed to other classifying criteria (e.g., sex and age). Performing 1-way ANOVA for comparing, for instance, different geographic groups could lead to misleading results because we would be contrasting groups without discriminating other sources of variation that could hide real differences. Another objective of 3-way ANOVA is to search for 1st-and 2nd-order dependences (interactions) among the classifying criteria. A typical situation would be to test whether sex differences are dependent on geographic origin or age. The software used to perform all the analyses was Statistica (StatSoft 1995) .
To further analyze patterns of differentiation, a stepwise discriminant function analysis was performed to classify individuals by sex as well as by subspecies (Sneath and Sokal 1973; Sokal and Rohlf 1969) . The Statistica software builds a stepby-step model of discrimination by reviewing all variables and evaluating those that will contribute the most to discrimination among groups. That variable will then be included in the model, and Statistica will proceed to the next step. We calculated and structured confidence ellipses (95%) around individuals from each population.
RESULTS
Morphological analysis showed craniometric differentiation among the 4 geographic groups studied. We extracted 5 factors, which explained 70% of total variation (Table 1) .
When individuals were discriminated by sex over the first 2 factors, a differentiation emerged between the sexes along factor 1, showing that this species exhibits sexual dimorphism in variables related to skull width (Fig. 3) . But it is noteworthy that skull length did not differ between sexes. In addition, factor 3 (highly correlated with the dental series) was a good discriminator of both sex and geographic source (Table 2) .
To investigate whether the differentiation observed by graphical means was statistically significant, several analyses of variance were performed. These analyses were conducted by classifying individuals according to age, sex, geographical origin, and combinations of these criteria (Table 2) . Factors 1 and 3 showed highly significant differences with relation to sex and origin, whereas factor 2 showed most variation with relation to age and geographic origin. Finally, factor 4, associated with nasal length and greatest breadth across the orbits, only showed significant differences TABLE 1.-Five factors extracted using the principal components method and rotated with the VARIMAX normalized procedure for 14 variables measured on skulls of pampas deer (see Fig. 2 for variable nomenclature). Values correspond to correlation coefficients between variables and each factor. ''% explained'' refers to percentage of variance accounted for by each factor. Asterisk indicates variables that have a strong association (ͦrͦ Ͼ 0.7) with the factor. FIG. 3.-Pampas deer samples were discriminated by sex over the first 2 factors extracted using the principal components method and rotated with the VARIMAX normalized procedure for 14 variables (see Fig. 2 for variable nomenclature). A clear differentiation emerged between the sexes along factor 1 showing that this species exhibits sexual dimorphism in variables related to skull width (AZ, ACC, and AMF). with relation to sex. On the other hand, factor 5 displayed significant variation with relation to geographic source of the samples. Although the factors synthesized a significant proportion of the total variation of specific skull measures, the original variables were analyzed using ANOVA as well. Some departures between the original variables and the factors to which each variable had higher correlation were observed (Table 2) . With the exception of condylobasal length and median parietal length, no variable exhibited significant differences between age classes 4 and 5 (Table 2) . This result allowed us to conclude that pooling these 2 age groups is acceptable.
Although geographic differentiation seemed to be more pronounced in females (see below), no statistically significant interactions were found among the classifying criteria for any of the 5 factors nor for the 14 original variables. Lack of interactions might be due either to the relatively small sample size or to a real absence of interactions. This, in turn, would mean that, even if factors and original variables, in general, exhibit significantly different values with relation to the classifying criteria, behavior of factors and original variables would be independent of the combination of criteria. In other words, differences among geographic regions would be independent of whether females or males or any of the 2 age classes are being considered. Likewise, the differences between sexes or between age classes would follow the same trend in different geographic regions.
The fact that 4 of the 5 factors (1, 2, 3, and 5) showed statistically significant differentiation in relation to geographic origin is an unambiguous indication that the individuals came from differentiated populations.
Results also showed that populations from El Tapado and Los Ajos were significantly differentiated morphologically from each other and from the Brazilian (O. b. leucogaster) and Argentinean (O. b. leucogaster and O. b. celer) populations. This morphometric differentiation was also supported by genetic data (González et al. 1998) . Therefore, we propose that populations from Los Ajos and El Tapado be considered as 2 separate subspecies as described subsequently.
SUBSPECIES DESCRIPTIONS

Ozotoceros bezoarticus uruguayensis, new subspecies
Holotype. Distribution.-Currently in Rocha Department, Uruguay, in the eastern grassland habitat. The population is located in the eastern part of the country, in low grasslands and wetlands east of ''Sierra de Los Ajos.'' The remaining population occurs mainly on a cattle ranch with an estimated area of 2,000 ha and may extend into neighboring ranches. The range in the recent past was probably south of the Rio Negro, including the following Departments for which there are published records of the species: Soriano, San José, Florida, Lavalleja, and Maldonado (Jackson et al. 1980) .
Etymology.-Named for being one of the distinctive subspecies of Uruguay.
Diagnosis.-Coat color in this subspecies has a wide range of variation from light fawn brown to tawny, bay, and dark cinnamon (Ridgway 1912) . There are no biometric data available.
Female skulls have a sharp distinctive protuberance in the median part of the parietal bone, close to the lambdoidal suture. Females have larger parietal bones than do males, resulting in an extended braincase and a rostrum that is longer (194.5 mm) and wider (42.0 mm) than that in males. Height of the maxillary bone is 47.8 mm. These measurements clearly reflect differences not only in the size but also in the shape of the skull. Breadth of frontal bonebreadth is 73.0 mm. A distinguishing characteristic is the antorbital pit, which is longer (29.4 mm) and deeper than that of O. b. arerunguaensis. Length of the rostral fenestra is 34.0 mm and breadth is 16.5 mm (Table 3) .
Ozotoceros bezoarticus arerunguaensis, new subspecies
Holotype. Distribution.-Currently known from the surrounding areas near the type locality in the northwestern grassland habitat. The remaining population is located on several private ranches, close to the El Tapado River and about 12 km southwest of the Arerunguá River. It is distributed between 31Њ48Ј55ЉS, 56Њ33Ј30ЉW and 31Њ44Ј65ЉS, 56Њ45Ј20ЉW. This is a rolling, hilly area dominated by natural temperate grasslands; it is treeless, dissected by streams and small valleys and interrupted by rocky outcrops ridges. The range of the subspecies may possibly extend to the north of the Rio Negro in the Departments of Rio Negro, Tacuarembó, Paysandú, and Artigas (Jackson et al. 1980) .
Etymology.-Named for the Arerunguá River, where the last extant population remains.
Diagnosis.-Coat color ranges from fawn brown to tawny, bay, and cinnamon. Biometric data for a male paratype length (1325) are weight, 23.6 kg; total length, 1,240 mm; tail length, 133 mm; hind foot, 335 mm; ear length, 122 mm; and height, 714 mm. Biometric data for a female paratype height (1310) are weight, 23.0 kg; total length, 1,140 mm; tail length, 80 mm; hind foot, 305 mm; ear length, 110 mm; and height, 610 mm.
Skulls of females are characterized by a more rounded shape of parietal and frontal bones. Breadth of frontal bone, measured in the type specimen, is 58.5 mm. A distinguishing characteristic is the smaller size of the antorbital pit (15.0 mm in length in type specimen). Additionally, this pit is also not as deep as that in O. b. uruguayensis. Length of the rostral fenestra is 35.5 mm and breadth is 15.5 mm. Height of the maxillary bone is 30.5 mm. Breadth of the rostrum measured skull at the maxilla is 35.0 mm (skull measurements used in Table 3 ).
Comparison Between Uruguayan Subspecies
Females were significantly different from males in both subspecies in the following characters: condylobasal length (t ϭ 3.32, d.f. ϭ 12, P ϭ 0.006), the length of the cheektooth row (t ϭ 3.68, d.f. ϭ 12, P ϭ 0.003), the breadth across orbits (t ϭ 3.13, d.f. ϭ 11, P ϭ 0.009), median parietal length (t ϭ 2.60, d.f. ϭ 12, P ϭ 0.02), height of braincase (t ϭ 3.70, d.f. ϭ 12, P ϭ 0.002), greatest breadth of foramen magnum (t ϭ 2.27, d.f. ϭ 12, P ϭ 0.04), and greatest breadth of diastema (t ϭ 2.29, d.f. ϭ 12, P ϭ 0.04). Males of both subspecies showed greater intrapopulation variation than did females. Two characters that differed significantly between these 2 subspecies were median parietal length (t ϭ 2.61, d.f. ϭ 29, P ϭ 0.01) and greatest breadth of the foramen magnum (t ϭ 2.15, d.f. ϭ 31, P ϭ 0.03).
Comparisons Among Subspecies of O. bezoarticus
A discriminant function analysis using the stepwise model was used to classify samples in the subspecies considered by Cabrera (1943) and the 2 newly proposed subspecies described above. When the whole sample (not separated by sex) was considered, we found significant differentiation among the 4 groups ( Table 4) . Twelve of the 14 variables were used in the stepwise model (F ϭ 36.18; P K 0.000001). Two variables that were not considered in the model were greatest length of nasal and greatest breadth of foramen magnum.
When we performed the analysis separately for each sex, 6 variables were used in the model for males (F ϭ 18.79, P K 0.000001). Variables used were greatest breadth of braincase at the parietal, median facial length, median parietal length, length of cheektooth row, height of foramen magnum, and condylobasal length.
For females, 9 variables were used in the model (F ϭ 27.8, P K 0.000001). Variables that discriminated between intrafemale groups were length of cheektooth row, height of braincase, zygomatic breadth, greatest breadth across orbits, diastema length, least breadth between orbits, median facial length, greatest breadth of braincase at the parietal bone, and condylobasal length (Figs. 4A and  4B) (Fig. 4A ) but they did for males (Fig. 4B) .
DISCUSSION
Intraspecific variability.-Results of our morphometric analyses revealed appreciable intraspecific variability in the relictual pampas deer populations. Other deer genera, such as Odocoileus and Capreolus that have large population sizes, also have vast intraspecific variability (Braza et al. 1994; Smith and Rhodes 1994) . In addition, studies at the genetic level, using the mitochondrial control region as a molecular marker, also show that the pampas deer is a highly polymorphic species (González et al. 1998) . Our group estimated the effective female population size by using coalescent-likelihood methods that reflect the sequence diversity found. Estimates of effective number of breeding females were about 3,460,000 (González et al. 1998) . Comparative genetic diversity and theoretical estimates indicate that a substantial reduction in population size to Ͻ80,000 individuals occurred recently.
The existence of high levels of morphological and genetic variation, despite present-day low numbers, indicates that the decrease in population size was quite recent, as variability would be lost rapidly in populations that had maintained small sizes for long periods (Soulé 1987; J. Ballou, in litt.) .
Sexual dimorphism.-Sexual differences in body size are more pronounced in polygynous deer species (Clutton-Brock et al. 1977) . Wemmer and Wilson (1987) showed that the wide range of dimorphism in the Cervidae is probably related to differences in mating system and degree of polygyny. In pampas deer we found significant differences between males and females in measures related to skull width but not in length measurements. Discriminant analysis also showed sexual dimorphism. When the analysis was conducted separately in males, we detected higher intrapopulation variability.
The vast diversity detected in males (in our analysis) was also observed in the field. In 1991 several male fawns born in the El Tapado population were ear-tagged, measured, and released back to the wild (D. Moore, pers. comm.). Four years later, several of the marked animals were found and relative body sizes were compared. Dominant males were found to have larger body size than the other bucks. This suggests that social status has a strong influence on observed patterns of morphological variation.
Geographic distribution and population differentiation.-Results of our morphometric analyses suggest that females are more strongly differentiated between populations than are males. This skewed differentiation may be related to social structure of pampas deer populations, in which dispersal and gene flow are unequal between sexes. Females are often philopatric, and young males often disperse away from the mother's home range (Rodrigues and Monteiro-Filho 2000) . The lower levels of differentiation in males could also be due to the fact that social and sexual selection swamp the geographic variation present. Females provide ancestral background. The occurrence of male-mediated gene flow could be tested by comparing only males of the same social status.
To date, only female-mediated markers such as the mtDNA control region have been used to ascertain the degree of femalemediated gene flow between populations, which generally appears to be low (González et al. 1998 ). In addition, the results showed that all except the 2 Argentinean populations (belonging to the same conservation genetic unit) are significantly differentiated from each other. A strong matrilineal population structure resulting from limited differentiation suggests that there is considerable demographic independence among populations (Avise 1995) .
Subspecific comparisons and remarks.-The subspecific systematics of O. bezoarticus has not been adequately reviewed since Cabrera (1943) . Recognizable phylogenetic clusters within pampas deer were previously identified using an mtDNA genetic marker (González et al. 1998) , and results of the current analysis show that subdivisions are also evident in morphological patterns within this group. In line with Avise and Ball (1990), concordance among genetically independent attributes should be a deciding criterion upon which to base formal taxonomic recognition of subspecies.
Our results support Cabrera's inclusion of the Mato Grosso and the Argentinean ). An understanding of the intrapopulation and interpopulation variability and patterns of differentiation (both morphological and genetic) is crucial, and these results must be taken into account in future management actions and recovery plans. The level of morphological and genetic diversity in the remaining populations suggests that historic population sizes were several orders of magnitude larger and that it is only recently that populations have decreased dramatically.
Several South American zoos have pampas deer from the same subspecies, and we think they need to implement the metapopulation model and manage each stock as a unique population. We also highly recommend that extreme care be taken not to interbreed individuals from different subspecies.
At the in situ level, measures must be implemented to develop privately owned protected areas to preserve these last populations. We think that remaining levels of morphological and genetic diversity in the species should be protected by a strong mandate for habitat restoration and augmentation. Eighty percent of the Uruguayan territory is composed of open grassland habitat suitable for the pampas deer, which was once one of the most common ungulates of Uruguayan grasslands. Conservation measures should incorporate tax relief by government agencies and other fiscal incentives to stimulate private conservation actions and to secure the survival of these relictual subspecies. Based on our results, O. b. uruguayensis is the most endangered subspecies, with only 200 individuals (González 1997) . If the remaining populations can maintain high levels of genetic and morphological diversity and the habitat is assured, their recovery will be possible. RESUMEN El venado de campo, Ozotoceros bezoarticus, estuvo ampliamente distribuido en Sudamérica desde los 5ЊS a 41ЊS en el pasado reciente. Sin embargo, es ahora considerado uno de los cérvidos sudamericanos más amenazados debido a la destrucción del hábitat y la fragmentación poblacional. Un estudio craneométrico comparativo usando análisis univariado y multivariado fue realizado para determinar si las poblaciones de venado de campo muestran patrones de dimorfismo sexual y variación geográfica. Nuestros resultados muestran que el venado de campo exhibe un marcado dimorfismo sexual. Aunque la especie presenta altos niveles de variabilidad morfológica intrapoblacional, la mayor parte puede atribuírsela a los machos, quienes son altamente variables entre las poblaciones. Las 4 poblaciones analizadas en este trabajo, las cuales corresponden a 4 regiones geográfi-cas en Sudamérica están significativamente diferenciadas, siendo las hembras las que contribuyen más a la diferenciación entre las poblaciones. Además los resultados de nuestro análisis morfométrico está en concordancia con los niveles de diferenciación genética previamente encontrado entre poblaciones. Este estudio también apoya la descripción de dos nuevas subspecies: en los pastizales del noroeste uruguayo (Departamento de Salto) y en las pastizales del este del Uruguay (Departamento de Rocha).
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